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ABSTRACT

The impact of environmentai constraints and economic considera-
tions compel the engineer to seek new and novel techniques for
utilizing waste materials in embankment construction. This
paper describes the use and design criteria for incorporating
{1) wood waste, (2) sanitary landfill waste, and (3) nonbio-
degradable waste (discarded tires) in California Highway
embankments. Construction guidelines and theoretical con-
siderations are presented. Two case histories are described,
in addition to plans for a test embankment which will be

stabilized by tire sidewall mats.
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INTRODUCTION

Californialpractice;'in common with that of most other road
buildiné organizatiohs has hitherto placed severe restriction
on the incorporation of “unsqitable materials" on highway em-
bankments. Clearing and grubbing was an important and rigidly
adhered to first stéﬁ in the highway construction process. The
burial of logs and stumps was prohibited and, indeed, in some
cases, knots and twigs were picked out of embankments as part
of the cbnstruction‘process.' When necessary to cross sanitary
landfillé, the wastg was stripped to original ground and dis-
posed of prior to construction of the embankment as a matter of

‘course.

In recent years, environmental restrictions, economics and

concern for visual impact haﬁe necessitated construction of
highways over marginal to extremely difficult terrain. To
compound the problem, the options with respect to development

of bhorrow and waste‘disposal sites have been severely restricted.
Thus it has become necessary to reevaluate past highway practice

with respeCt to waste or unsuitable materials.

This paper discusses the use of three types of waste materials

incorporated into embankments constructed along California
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highways. These include wood waste, sanitary landfill waste,

and nonbiodegradable waste (discarded tires).

The burial of wood waste in California embankments has been used
on several projects in recent years. A recent example is Route

46, between Paso Robles and Cambria, which was completed in 1974.

In recent years, several case histories (1, 2) have appeared in
the literature concerning the crossing of sanitary landfills
with highway embankments whiéh described the construction
technique and the results of measures aimed at minimizing post

construction settlements.

On Route 73 in Orange County, the California Department of
Transportation is nearing completion of a project in which
sanitary landfill waste is incorporated into embankment con-
struction. This project will subsequently be described in

detail.

In addition, a test embankment yet to be donstructed will be
described in which it is believed a systematic incorporation
< of tire waste will actually serve to'beneficiate the fill so
as to permit steeper than normal side slopes and increase its

resistance to seismic loading.
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A. WOOD WASTE

General Design Criteria

Beginning-in the eérly 1970's the California Department of
Transportation had“;cquired‘a limited amount of experience
in the burial of ﬁbod waste in embankments resulting from
clearing operations., The criteria developed with this method

of disposal are as follows:®

'l. Burial should be in an environment which is not subject

to alternating wet and dry cycles.

2. Wood waste sHédld not be permitted any closer than 6.1
meters: (20 féét) to profile grade. A minimum distance
of 3.05 meters (iO feet) from the edge of fill for place-
ment of wood waste should be maintained to minimize the -
ingress of ongen whiéh would hasten the process of

deterioration.

3. The spacing'df.stUmpsvand logs should he such that con-
struction equipment will have sufficient room to work in

and around for adeqguate compaction.

o e el M."_ . .. o -
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4. Layers of slash and brush should be placed in 45.7 centi-
meter (18-inch) 1lifts, sandwiched between 0.92 meter

(3-foot) minimum lifts of compacted embankment soil.

CASE HISTORY (Route 46, between Paso Robles and Cambria)

This was one of the first projects in which the above criterxia
were utilized. The facility was on totally new alignment over
very steep aﬁd heavily wooded terrain. Construction began in
June of 1972 and was completed in 1974. Layers of stumps and

tree trunks were placed at 3.05 meter (l0-foot) intervals

‘between soil layers in a total of six embankments ranging

from 28 to 50 meters (93 to 165 feet) in height. A cross-
section of the disposal scheme is shown on Figure 1. The
placement of logs and stumps was closely supervised and

documented.

The contractor was required to trim brénches from logs to
within 0.61 meter (2 feet) to minimize interference with con-
struction equipment. After trimming, the logs were placed

in rows along the embankment parallel to centerline. These
rows were kept at least 6.1 meters (20 feet) from the slope
line with a 6.1 meters (20-foot) interval between individual

rows to provide adequate working room for equipment. After

www fastio.com
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formation of the rows, embankment was placed around them, watered

‘and compacted.

Embankment placement continued until a minimum of 3.05 meters
(10 feet) of compacted embankment lay between the rows of logs
and stumps, at which time another layer was placed, and the

compaction procedure repeated.

The slash from trimming operations and brush were disposed of
by excavating deep trenches outside of the embankment toe. In
some cases, disposal was accomplished by construction of a

disposal strut fill outside of the design slope limit.

Embankments constructed inithis manner after three winters
showed no sign of distress or localized settlement. Settle-
ment that has occﬁrred has been found to be relatively uniform
and is attributable to embankment settlement and foundation

consolidation.

B. SANITARY LANDFILL WASTE

Design Criteria

No general design criteria are described here as the contract

e - O — mam - N —
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specifications for the case history described below are included

in the discussion.

CASE HISTORY (07-ORA-73, P.M. 2,7/4.0)

This project consists primarily of an interchange in Newport
Beach, California, near the Irvine Campus of the University of
California (see Figure 2). One segment of the interchange
provides ramp access to MacArthur Boulevard which was relocated

to accommodate future full freeway alignment.

The results of a foundation investigation revealed that founda-
tion soils were generally soft and compressible, necessitating
2:1 side slopes, stabilizing berms, waiting periods and con-

trolled rates of loading for embankment construction.

The general pattern of fouﬂdation soils consists of alternating
strata of compressible clay and fine to coarse sands which appear
to be free draining. Figure 3 shows the boring locations and

the log of the borings for a portion of the realigned.MacArthur

Boulevard, including a portion of the sanitary landfill.

In addition, a portion of a sanitary landfill containing

152,920 cubic meters (200,000 cubic yards) of refuse occupied

ClibPDF - www .fastio.com


http://www.fastio.com/

ClihPD

wavwyTaslio.com

Raymond A. Forsyth E 8
Joseph P. Egan, Jr.

a section of the line along which the realigned MacArthur
Boulevard and University Drive would be constructed. Con-
struction of this landfill began in 1954 and was completed

with 0.6 meter (2 feet) of earth cover in 1961.

As the design of the_interchange was nearing completion, it
become apparent tﬁat removal of this huge quantity of waste
would involve a tremendous expenditure. Construction of
embankments over the landfill would subject the roadway to
intolerable long-term settlement compounding the problem

already present due to thelnature of the subgrade soils.

_ Inquiries by designers with respect to disposal of the waste

revealed that the on1y available option was placement in another
sanitary landfill.  Since the project was deficient in embank-
ment, the 152,920 eubic.meters (200,000 cubic yards) would have
to be replaced by material obtained from outside the project
linits at an estimated cost of $3.92 per cubic meter ($3.00

per cubic vard) delivered to the site. Thus, the potential

net savings‘available by utilizing the waste in embankment
construction was estimated at $900,000.00. This enormous

potential savings prompted further study of the possibility
4 .

‘of uwtilizing the waste in the embankments.
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There was little information to draw upon with the exception of

recent limited experience in burial of wood waste in embankments
‘- described previously. The specifications ultimately developed

by District Design, Construction and Transportation Laboratory

personnel for this purpose are shown below:

"Those areas shown on the plans as 'Refuse Removal Area' are
areas of unsuitable material. The Contractor shall excavate
the refuse cover and refuse material and construct embankments
within the excavated refuse area with material obtained from
excavation within the project limits (except excavated refuse
material) or borrow,

"At the option of the Contractor, excavated refuse material may
be used in embankment construction in the areas shown on the
plans as "Refuse Embankment Areas'.

"In addition to the requirements in Section 19-5, 'Compaction',
and Section 19-6, 'Embankment Construction', of the Standard
Specifications, the placement of excavated refuse material in
embankments shall conform to the following:

1. Excavated refuse material shall be thoroughly mixed
with suitable embankment material at a rate not +to
aexceed 50% of the mixture.

2. Each layer of the refuse material mixture shall be
covered with at least 2 layers of suitable embankment
material.

3. No layer of the refuse material mixture shall be

placed with 1.2 m (4 feet) of finished grade.

- 4. Rock, portland cement concrete, asphalt concrete,
' ferrous and nonferrous metals shall not exceed one
foot in the vertical dimension when placed in embank-

¢ ments.
5. All other material including biodegradable material
shall not exceed 15.24 cm (one-half foot) in greatest
dimension.
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"Suitable embankment material referred to herein shall be con-
sidered as material excavated from within the limits of this
project (except refuse material) or borrow.

"During the operations of excavating and depositing refuse
material, the Contractor shall take precautions to prevent
offensive odors within the surrounding area. Such precautions
may consist of the use of earth cover or the application of
commercial odor masking compound as directed by the Engineer.
Precautions to prevent offensive odors will be paid for as
extra work as provided in Section 4-1.03 of the Standard
Specifications.

"Excavation of the refuse material will be paid for as roadway

excavation' (Type A)." A typical embankment cross-section is
shown on Figure 4.

The heterogeneousjnature of the waste precluded compaction con-
trol by conventional means. However, it was reasoned that
placement of wastezin relatively thin lifts sandwiched between
layers of soil would minimize the risk of low densification,
gince in order to achieve specification compaction requirement
in the soils layers, a relatively firm working table would be

necessary.

Refuse embankment c0nstruction requirements of the special

provisions to the'éontract included the following:

1. Strip surface materials at refuse embankment sites

to Elevétion 4.0 feet.
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Construct embankments to finished embankment height

subject to the following rates of loading:

First 2.75 meters (9 feet) of embankment to be
placed at a rate of 0.41 meter (1.33 feet) per

week followed by a 60-day waiting period.

Second stage: Construct the embankments to
Elevation 6.71 meters (22.0 feet) at a rate not
to exceed 0.41 meter (1l.33 feet) in any seven
consecutive calendar days followed by a 60-day

waiting period.

Third.stage: From 5.49 meters (18 feet) of
embankment height (Elevation 22.0 feet} to
finished grade elevation construction should be
at a uniform rate not to exceed 0.91 m (3-foot)

increments in height in any seven calendar days.

For the purpose of construction control heave stakes, piezom-

eters, settlement platforms, benchmarks and inclinometers were

installed.

Additional benchmarks were installed at the top of

the fills above the settlement platforms at original ground to

monitor compression occurring within the £ill itself. As of

www . fastio.com
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+his date (December ‘1, 1975) no significant compression has been

detected with the £ill.

Excavation of the ;andfill exposed a composition of wood, stumps,
'paper, fibrous waéﬁes, cans, bedsprings, pipe, wire, glass con-
tainers, p;astics, tires, bricks, and concrete debris. Organic
materials encounte{ed were generally in a good state of pre-
servation. Newspaﬁers dated in the late 1950's were clear and
readable. As had been anticipated based.upon the exploration
- of the fill in laté 1970, groundwater was encountered from

4.6 to 6.1 meters xls.to 20 feet) below ground surface.

.This water was ponded and later pumped into tank trucks for

use in thercomﬁaction operation. No discharge of groundwater
was permitted into San Diego Creek. Leacheate was not con-
‘sidered to be a p:;blem and no program to monitor leachates
from the embankmen; was initiated because the refuse was to

be incorporated iﬁ£o embankments several feet above the water
table sandwiched between layers of relatively impermeable soil.
The refuse was excavated from the locations designated on
Figure 2 and hauléﬁ to the embankment areas with rear-dump
trailer and tractor trucks. Actual excavation of the refuse
Qas attempted with variouslpieces of eguipment. Use of a
front-end loader was unsuccessful since large masses of

saturated materials such as rags and paper were encountered.
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The bucket working in scoop fashion was not eaéily filled. The
device that ultimately proved most successful for refuse excava-
tion and loading was a hydraulic backhoe. This had several
advantages, including a digging action from the top downward
into the saturated refuse which penetrated the rags and paper

on the initial thrpst and filled the bucket. Wet soft areas
were worked by reaching out and down without the machine carriage
entering and bogging down. The backhoe capacity was found to

be approximately 229 cubic meters (300 cubic vards) of refuse
per hour., After the refuse was hauled to the embankment
location and dumped, bulldozers spread the material in lifts
approximately 15.2 centimeters (1/2 foot) thick as shown in
Figures 5 and 6. At this point, unsuitable pieces, inq}uding
tires were picked out, Qtockpiled, and eventually hauled away
for disposal at a public dump. ©One such stockpile is shown

on Figure 7.

Embankment soils for blending with the refuse were hauled to
the site in twin-bottom dump trailers. The soill was spread
over the in-place refuse with rubber-tired dozers and motor
grader as shown by Figure 8. Mixing was accomplished with
either a sheepsfoot roller pulled by dozers or a self-propelled
sheepsfoot compactor as shown by Figure 5. The compactor

spikes penetrated the soil and rubbish; pulling, ripping,

www . fastio.com
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and splitting the rubbish as it was mixed with the soil and
compacted. The pfinciple problem was the tendency for the
equipment to becoﬁe plugged with refuse. The sandy soil which
was used for the embankment proved to be an asset for the
blending operation due to its low cohesion. A similar attempt
to mix cohesive oﬁiglayey soils with the refuse would have been

extremely difficult, if not impossible.

The moisture content of the refuse buried was from dry to
saturated. Satur&ﬁed refuse was spread and allowed to air dry
prior to blending with the soil. Specifications were included
for odor control éf the refuse during handling operations. A
commercial deodorant, available for use in the event cbnoxious
odors were encountered on this project, was not necessary.
Embankment compaé%ion control of density and moisture contents
of soil lifts that sandwiched the blended refuse 1lifts was
maintained with nﬁclear gages. A relative compaction require-
ment of 90% of California Test Method No. 216 was specified and

achieved for the soil portion of the embankment.

Compaction controi of the blended refuse layers was achieved by
visual inspection. Inspectors obsexved the blending and com-

paction of the ‘refuse layers and directed the modification of
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the operation where inadequaﬁe compaction or mixing were observed.
Exposed layers of the blended refuse were seen as a result of an
excavation for a drainage culvert as shown on Figure 9. The
blended refuse layers appear across the center of Figure 9,
sandwiched between two soil layers. A closeup view of the
blended layvers is shown on Figure 10. No cavities were observed
in the exposed layer. A closeup view of the blénded layers is
shown on Figure 10, No cavities were observed in the exposed
layer. The soil énd refuse were moist, thoroughly mixed and
could be separated only by using a handpick. The layer appeared

to be well compacted.

The sandy soil used for embankment eased the problem of mixing
considerably. It is very doubtful that such an operation would

be successful with cohesive materials.

C. NONBIODEGRADABLE WASTE

General Design Criteria

Engineers have long been aware of the stabilizing effects of
inclusions of various materials in earthworks. The first
disciplined, and by far the most extensive and successful

application of soil reinforcement, was developed by the-

www fastio.com
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French Engineer Henri Vidal (3) in the late 1950's. Vidal's
system known as "Reinforced Earth" consists of placing steel
reinforcing strips at predetermined intervals within the fill
mass for the purpose of providing tensile and/or cohesive
streng?h'in a relatively cohesionless material. For a soil
to be satisfactory for reinforced earth construction Vidal .
suggests that it be granular, having an angle of internal

friction of at least 25° in order to develop adequate fric-

rional resistance between the soil and the reinforcing material.

Various materials othef thah steel are also beneficial in
providing mechanical stabilization to embankment construction.

The stabilizing effect of materials with relatively high tensile
strength in soil has been observed since ancient times. Increase
shear strength wiéh certain types of nonbiodegradable materials
was noted during Ehe Laboratory study of the California Department

of Transportation (4).

One of the most perplexing problems in the disposal of solid
waste involves thét of discarded automobile tires. It has been
reported that approximately 200 million tires are discarded each
year in the United States. This problem was of sufficient magni-
tude in Californig to prompt House Resolution #37 in the 1973

California Legislative Session, which charged the California

ClihPDE = wiwvi Taslio.com
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bepartment of Transportation to study the problem of abandoned
ties and develop possible solution for disposal and recycling

of used tires.

™
.

The major obijection to burial of tire carcasses in soil stems
from the fact that tires have a tendency to work to the surface
when placed in sanitary landfills. Equipment is now available
commercially to cut automobile tires into three portions,
separating the thread from the sidewalls. these tire sidewalls
or half-tire units are placed in strips or ties and layed on
mats at given intervals within the embankment. This type of
appliéation utilizes the reinforced earth principle. It is
speculated that additioconal embankment soil strength could be
provided by the tires placed in this manner. The embankments

would also serve as disposal sites for this waste product.

To study this possibility further, an analysis was conducted
at the Transportation Laboratory to determine the theoretical
effects of tire reinforcement on earthquake resistance of em-
bankments. This analysis assumed tire placement in mats
extending for widths of eight tenths of the embankment height
T . at vertical intervals of 1.22 meters (four feet). It was
accomplished with Quad-4 finite element program developed at

the University of California at Berkeley. The finite element
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mesh (Figures 11 and 12) consisted of elements representing the

reinforcing mat and boundary soil.

The embankment was assumed to have a relative density of 20%
and a density of 2}083 gms/cu cm (130 pcf). Shear modulus (G)
was assumed to vary_with overburden height as shown by the

following equation' (4):

. .
(1) G =Ky (00)2

Where_G{ﬁ shear modulus in ksf
K, =7a ftnction of relative density (Dr)

The foundation soii was also assumed to be sandy with a relative
density of 75% and a density of 2.083 gms/cu cm (130 pcf). From
Bguation 1, the K2 of the 1.5 meters (5 feet) of foundation

soil is 61. For the composite material, a constant shear
modulus of G = 133 ksf was utilized based upon the results of
tests on rubber tire specimens. A constant damping factor of
25% was also used. The embankment was assumed to be 7.02 meters
(23 feef) in heig#t with 1-1/2:1 side slopes. The earthquake
selected was the éél Tech C-1 with a.maximum acceleration of

0.3 g, a period of 0.35 sec., and a duration of 12 sec. applied
at the base of 1.5 meters (5 feet) of foundation material.

This would correspond to a Richter magnitude shake of 7 at a
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distance of 11.3 kilometers (15 miles) from the fault. The
results in terms of change or reduction in the dynamic shear
stress and strain resulting from reinforcement are shown on
Figures 11 and 12. As shown on Figure 11, under these condi-
tions dynamic shear strength would be reduced in the embankment
soil by from 20% to 62%, averaging about 33%. The greatest
reduction occurs in the interior which would indicate that
failure, if it did occur, would probably be of a surficial
nature. The same trend is noted on Figure 12 with respect to
shear stress with an average reduction in the embankment soil

of about 33%.

These values would, of course, vary with side slope, type of
s0il, earthquake intensity and duration, and fill height. The
results of this analysis and the earlier Laboratory study of
the stabilizing effect of waste led to a decision to construct
a prototype test embankment utilizing tire sidewall mats for
reinforcement. F.H.W.A. approval for the‘instrumentation and
analysis portions as an H.P.R. project was received August 8,

1973.

ROAD 04-CC, 4.4/4.5

This site was chosen for experimentation after reviewing several

potential projects. It is located in the vicinity of the

www . fastio.com
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“Franklin Canyon Fault which is considered active but has no

historical evidence of recent movement.

The‘émbankment will have an ultimate height of 18.3 meters (60
feet). & partial £ill to within about 4.58 meters (15 feet) of
finished grade exists at the present time which was constructed

at the westerly end of a preéevious contract.

A tentative design¥consists:of placing automcbile tire sidewalls
or half-tire units in transverse strips at longitudinal intervals
of 1.5 meters (5 feet), witﬁ approximately 0.5 meter (1-1/2 feet)
of vertical embanﬁ&ent (3 1ifts of soil) cover between tire strips.

A schematic of the:installation is shown by Figure 13,

Instrumentation wiil be included in construction to monitor per-
formance over a oﬁé— to two-vear period pricr to incorporation
of the embankment'in final construction. Instrumentation will
include settlemeng?plaéforms, horizontal movement devices,
instrumentation oﬁ_tires, vertical and horizontal reference
points, vertical soil pressure cells and slope indicators.
Figure 14 shows a typical section of the proposed embankment
construction. Figure 15 shows the proposed instrumentation for
a typical_control:section. It is proposed that embankment side
slopes vary from 2:1 to 3/4&1 and instrumentation be placed at

three levels in four different sections. Instrumentation will
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be common to all sections with the exception of the control
section which will be constructed without vertical pressure

cells,

SUMMARY AND CONCILUSIONS

Environmental constraints and economic considerations have in
recent vears necessitated a reevaluation of past highway prac-
tice with respect to inclusion of waste materials in embankments.
Buf&ng restrictions have stimulated the incorporation of wood
waste resulting from clearing, not only under flattened embank-
ment slopes, but also within the main embankment. Logs and
stumps were spread in embankments measuring in height from 28

to 50 meters (93 to 165 feet) on Route 46 from Cambria to

Paso Robles in 1972-74 without serious difficulty or apparent

effect on the performance of the facility.

It is believead that wood waste can be successfully incorporated

into embankment construction provided:

1. They are not subjéct to alternate cycles of wetting and

drying.
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2. A minimum distance of 6.1 meters (20 feet) from profile
grade and 3 meters (10 feet) from the embankment edge is

maintained.

3. The space of stumps and logs is such to permit adequate

compaction.

4. Brush "and slash are placed in relatively thin 1l1ifts between

layers of compacted embankment soil.

Experience with the Route 73 project thus far has demonstrated
that it is possible to construct satisfactory embankments
utilizing landfilliwaste. The decision to do so must necessarily
depend upon an evaluation of engineering feasibility and aesthet-

ics. More specifically, these would include:

1. Availability.éf'disposal sites.,

2. Volume of 1anéfill wastes.

3. Waste composition.

4, State of ﬁasﬁé decomposition,

5. Possible délé%erious effect of the use of landfill waste on
water qualitjé

6. Nature of thénkment soil.

7. Time constraihts (effect of waiting periods).
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A primary concern is the heterogeneous nature of the material.
Relative compaction obviously cannot be used as a control test.
T Thus, the enéineer must exercise a high degree of judgment and
supervision over the operation and be prepared to make modifi-
cations as the character of the waste changes. Shear strength
and consolidation qharacteristics, if necessary, must be deter-~
mined by in-situ testing. Instrumentation is of fundamental

importance in controlling or modifying the operation.

Laboratory studies and dynamic response analysis have indicated
that the systematic inclusion of certain nonbiodegradable wastes
(tire sidewalls) could possibly beneficiate the fill permitting
steeper side slopes and increasing resistance to earthquake

loading.

A test embankment to evaluate this premise is now planned for
construction on Route 4 (Contra Costa County) within the next
year. It will be constructed at varying side slopes reinforced
with tire sidewall mats at 0.5 méter (1~1/2 foot) intervals.
The performance of the completed embankment will be monitored
by instrumentation installed during its construction. The

P test embankment will ultimately be incorporated into an

extension of existing Route 4 several years hence.
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‘Figure 5 Sheepsfoot compactor processing refuse
goil layer. '

Figure 6 Refuse in place ready for mixing
with soil,
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Figure 7 Refuse rejected as
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_ Figure 8 Bottom dump delivers lcad as
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Blended refuse layer

Figure ©

Figure 10 Closeup view of blended

(Center of Photo)} exposed
by 5~foot deep trench ex-

refuse seen in Figure 9.

cavation.
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DISCARDED AUTOMOBILE TIRES USED
FOR EMBANKMENT REINFORCEMENT
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SPLIT TIRE
UNITS

TOP LAYER 4.5 FEET

BELOW PAVEMENT SURFACE

LAYERS L5
FEET APART

d

ROWS 5 FEET

APART

Figure 13 SCHEMATIC OF PROPOSED AUTO-TIRE PLACEMENT
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